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Examining Economies
Assessment oflndiana

of Scale in School Consolidation:
School Districts

Tirnothy Zimmer, Larry1 DeBoer, and MarilyL Hirth

A  B S T R  A C T

]lis article examines the potential for reducing costs through school district
consolidation byemploying economies of scale. Utilizing India-na schoot district
data primarily from 2OO4 through 2006, we find evidence for scale economies
wilh optimal enrollment being 1,942 sludents, with a per pupil estimated cost
at $9,4t4. The 95% confidence interval of the optimai enrollment is f,3OO to
_2,903 

students.'lle study examines several hypotheses discussed in this line of
literature. Transportation does not appear to hold significant scale economies
potential,while salary data provides mixed results. Finally, attendance is shown
to be negatively influenced by school district enrollment levels, with the impact
ofatlendance on student performance being examined in a subsequent studv.

I  N ' I 'RODUCTION

School administralors have the diflicuh lask of balancing the educational
requirements of students at a cost which is amenable to the'district,s citizenrf.
Providing an appropriate level of educational services within a budget constrairit
provides adrninistrators an incentive to explore options to ir..;" ;;;;;.
School consolidation is viewed as a means lo improve efficiency_IDdiana hasjoined.several others states jn examining and promoling the merits of school
consolidation

School consolidation as a means to exploit econornies of scaie and reduce
per pupil costs has an extensive history of research and application. ,lhouqh 

thepac€ of consolidation has slowed since l9z0,r there stiliexist muny .,",i,f.u"f
lI cJJ",li6rsgr. p,ari, .hootrtidne oronth, otl
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incentives promoting consolidation. I inois2 and South Dakota3 are examples of
:^Th,:1.* 

o. 
i"**"d 

above tndiana is recommending school consotidationtor districts with less than 2,000 students
number ofgrants4 to s;;"t i",n""'*i'.'i 

"t" is cuftently hr'ding a limited
witrr neigtru,-oring aistd;;;;;;;;"" 

to studv Potential consolidation

.--ria"tion*il,.-"J";;;;;il;"j,.T;::l1H*r..1Hlli
rais€ stud€nt perfodnance well into tie future.5

B A C K G R O U N D  A N D  R  A T I O N A L  E
A consideaable aDount of curent res€ieconomier or scare in th" p-,.i"" "r'r"ffi liillillJi:llffi"Xi ji;
runcrion similar ro thar of Duncombe et .147, TorA p., p"p,l ."rilriJ..,U".a
:,:g|., :* 

a squarcd enrollrnent term to rest for scale economies ordrseconomies. The method is applied !o data fo. frdt"r" ,.h_i ;;;;;;;:;;;reterred to as 0chool corporations i, lndiana, from 2004 to 2006.
, .r 

n€ results ot this anajysis are compared with those of previous studies todetermine if theyare consistent with findings of op,*"|."."il;;l;;;;;;;
2,000 to 6,000 students.e,,o,r r,r1r r r r 16" ..r!,. ,nai."," ,fr", ".ono.i"rli-"."i" io
]lt^tlj,f 

t.*.r Per n"pil costs iD perpetui+ As enrollment rises, diseconomie6efterge rn examining cost segments for the potential of diseconomies, an ofterioted source of diseconomies is transportation.'r S.h""l dird"l;;;;lJ,Jexpand in order to increase enrojjmeni. Add,
eventually &ise cosh, cre"ting di""-oo iod 

nsportation rcquirements may

l l
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Examining Economies of kate in School Consoli.jation ro5
'l'eacher salaries and parent/student apathy are other potential sources of

diseconomies. Although originally thought to be a source ofscale economies,16
recent research indicates that teacher salaries ar€ a source of diseconomies.rT
Wasylenkora argues that size empowers employers to utilize monopsonyandgain
volume discounts. This is consistent with the results ofa study of rural Arkansas
schooldistricts and teacher salaries.re But Tholkes2o 6nds that lareer enrollment
rcduces union transaction costs.en(ouraging teachers union, to iormand grow
stronger,

Cotton?r argues thal aconsequenceofdistrictconsolidation is the replacement
of parenlal and studenr inpul hy ever increasing layers ot bureaucricy, which
leads to increased apathy. Apatheric par€nts are less likely to monitor districr
costs or student performance. Smaller districts allow for fewer formal rules and
more flexibility. The result is greater involvement by teachers and parents,which
increases performance and reduces costs,22,2r

Astone and Mclanahan2a and Sewell and Shah25 argue that student attendance
is a good indicator ofthe parent and student involvement with a school, or !,ith
the learning process. Attendance can be used to test whether enrollment size
affects the levelof involvenent-or apathy in its absence*and whether it leads
to increased per pupilcosts.lhe strength oftheargumentdepends on the validity
ofall€ndance as an involvement proxy measure,

This sludy employs a direct and inflexible method of cost estimation.
Duncombe et a1.2627'23 utilize this approach to model the cost function, wbile
allowing for identified endogenous variables. Similar approaches are lsed by

I6. M, Waryl.nko 1977. "Sonre lividenc. of th. [lisli.iry of Supply of poticencn dnd Fn.6ghr.B"
Utban AfdiR Qua .'ty t2: 365-379.

17. R. Tholk6. t9l."L.onomics ofsalc in rural *hmt districl rcorgani2alnD'
Jiunal oI Aucation Firone \6: 49? 514.
l8. M- Wasylenlo. l9Z.
19, M. Dodstr and T. carreti. 2004 lnethcienr Dduc.lion Sp.nding i! t ublic

C.se tor Consolida(ion?" Cd,! enporuf, tanonn poky 22(2):2;�O 2SO.
20. R. t holk€s. | 991.
21 . (. Cotion. t 96- "Af€crive and lo.iat b€nctus of sn.I.saL schoolinB rri. ,Dgar !DO,RC-96 5.
22. tbid.
23- R. Brrlcr and R. Cunp. 1964, Big yhoot, shal $hNI; HiCh sthoot size and student behoior

Sl.nfonl, CA: Slanford Univcisiiy Press.
24. N. Arlorc nd s. M.L.nrha.. tc9t. Iroity Srru.turr, p.re r,t prdctrs and HrEh Sch,nl

complerion' Anca.a, S&.la!r a/ [p/FN 5o(l).309 ]2u.
2s ,WS4c[ddVSh.1967. 'Soc ioe .onomicSt . tus , In le  i8e .ce ,andtheAf ianrnen lo fH iSher

E ttrc,tto{ Stiobgy of tnu.ation 4o\Dt t-23.
26.W Dunconbe€t al_ 1995.
27. W Dunconbe et al. 1996.
23, W Dun.onb€ anrl l. YnrSer 2001.
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other researchers.2q3qsr
'lhough the direct nlethod dominales the literaturc,other research uses flexible

functional forms to examineboth primary/secondary education and institutions

ofhighcr education (lHEs). Cohn et al-3'� 6nd economies of scale in IHEs, but de

Groot ct al.3r and Nelson and Hevertsa do not. Research on Primary/secondary
education cmploying the flexible function forms have yielded results which

indicate€onstant returns,or no polential for economies ofscale.r5 e'17'r8 Howevcr'

this rcscarch is nol dircctly applicable since much of the data is derived from

school systems outside the US. or higher levels of education where structures

and systems djfier-
The scale economies exiibited in econometric results are further bolstered by

studies employi ng nonparametric emciency tesls. Thc us€ of technical emciency

was 6rst defined by Koopermans,re further refined by Debruea0 and Farrell,at

and finallyadopted into math programmingby use of data cnv€lopment analysis
(t)F:A) by Charnas et al.a2 Numerousstudieshave employed DEA to test technical

efficiencics of school districts. These studies have provided results which are

generally consistent with those ftom econometri. analyses.

29. T. Dosncs dnd ll Pogu. le94.i{diusting rhial ,id fonrula3 for lhe hiSher.ost ofcducdbn

dhadvantlged shlldenh" N4rn,hal'tar louturlXLvlt: ae'I tn

30. A. Rc(ho!sky ard J Imordki. I 997."-l hc DNcloP,renr ofihe School Iin.rEe rom)ul.s lo Cuaranree

rhc Prlvision of Adequatc Dducation ro l.ow I ncome $ude'rC ln WIJ l:owlc, Jr l)dk /o/,t.rt i4 &hdo,

lir.r.dw,siingbn, DCr US, Dcp.rlment of lducalion I23'147
l l. M. l)od$n l l l lnd ll o.relt. 2004. "l neflicicrl Dducal nD SPcnd ing in Publi. S.lhol Dislricli r\

Casc fd ConR,liddr ion i" Coar. npout tto^nic htli.y 2212)t 27tt 280
12, ll. Cohn cl il. I gSg, lnstituions of Hiahfi lli{calion .s M uh i ltodud lirms: liononi.s of Scllc

ind Scdpl{ 1ft. il.vi., oJ ldoroni.s and stdtist i4 7l(ll:14'1'790
ll. tl. dc G Rd er dl I99l , lhc cost slruclure of Antric,n Itesecrch Uriv.rsili. { lh. Revit{' oI

Iioaonti.s and Stati!ti.s 7313)t 474-431 .
l4. R Ndls'n rnd l: l levcn. l992. " lfli.l ot (:l6s Siz€ on lconon] ics of ScdlL  d Mrr8nd (bst nl

lligh.r Hducrlnni,lpplid,lLD,ozi.t 25(8): 1081 1092
15. R.llurleraM D. Monk.l985. l he cosl of public schoolinS nr New York slitd: I hc n'le of *ah dd

enicicn.y iD 1973'79" 71s ./o"r n.l oJ I lrnan R.tuunet 20: 1 31t
16. [. iincncz. I986. "lle Srrucrurc of Edu.aln'n!l (]oslsr MultiProduct (iDI funclnns lor I'ramtry

.nd sccondar! schooh ir Lrti ̂  Americ{ Frotudi.s ol Ltluclrtu, l.vi.w 5( I ) 25 l9
17.1.(.lllr !DdR.SrDtcre.l990." lhe productioncharrcterisiics.flocrlPtrhlic.dn.irnr: A multiPlc

prcduct and input an.lysis" ,nJ uthin l:conodn loumal a7: 463 4t1o
13. D. Gyinrah Bre pong.Dd A. Gy.pon8. 1991. "ltoduciiotr ol fdu.aln)D: Are s.cioeconom'c

.hara.fc.isrics inrp.nant facrots? Eastcn Froro,ti. l.uttnl X\ll:547 521.
:]9. l: Koopmus l9sl.1An Anrlysis oa l'mdu.tion asan Hlilcietrl (r.nlbindtion oa A.livit'cs" l.

'l:C. Koopn.ns, ed.,4.riviryAtdlrsn oJ fuodu.tioh an.l A\oallid, Cowl.s Conrmissnn {d Resarch in
E.ononi.s MonogiJ'!)h No lr. NewY'rkwil.,

40.66666.I)cbrcu.r95l. lle ( io.Richnl of Rcsotrrce Uliliation ltonometri.a t9:273 292.
4r.M.Fdrrell.r9sT. IlcMcasuren€nldal'rddd.livcEllicien.y luurnul ofth! R.yal stdtilti.al Suiery

s.ricsA,Gctrcnl l20r 25:r 231.
4r .A .Chdnc.c  J  c -s  [1 . r 'unn t lhc l : t f i ( i rn ,yor l )e .FronMJ. , tSUni r i t xm1ean lonn o l

(tptatio".l Rrcnt h 2: 429 444.
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M  E T H O D O  L O G Y

Cross sectional data were collected from 292 Indiana school districts ovet a

three'year period (2004 through 2006) and arranged in a panel data set. The

data were downloaded from the Indiana DePartment of Education website.al

Th€ site contains school district expenditures and revenues, and demographic

and socioeconomic values obtained frorn the U.S. census. Detailed variable

descriptions are found in APpendix A. Some variables are taken directly from

the data sources, while others (including efficiency ratios) are calculated'

A two-stage least squares (2SLS) random efects rcgression is used in estima_

tion. The 2SlJ modelis chosen because several variables, such as teacher salary

and performance4J5J6 are endogenous and instrumented. school administra_

tions are responsible for the level of student achievement within the district'

The efforts and funds expended towards this en4 including the level of teacher

salaries within the district, are likely to be hiShly correlated with the desires of

these administrators. Duncombe et al aT'43Je argue that teacher salaries and st!_

dent performance measures will exhibit correlation with the errcrs terms of the

cost function and th€refore must be instrumented with socioeconomic and de_

mographic data. The choice of instruments is consistent with Duncombe and

Yingerewhich heavily utilize teacher experience and surrounding labor market

prices in determining teacher sala eo and a student's family education level and

relative stability in determining student Pedormance. While .dditional work by

Duncombe andYinger5l's2 provides additional sourcesofinstruments, including

the potential of residuals as instruments, the abundance of quality instruments

in this instance allows for the more direct aPProach.

The analysis is performed on panel data consisting oftim€ invariant variables A

random effects modelis chosen in place ofa fixed_€ffects model to accommodate

these variables. The time-invariant variables are economic agents of Particular
interesl and a fixed-efiects modeltemoves these variables from the analysis The

socioeconomic terms taken from census data do not vary over the length ofthe

study. The lack ofvariation makes the terms time dependent and a fixed-effects

43. hltp://D6langdo..5l.tc.rn.us
44.W Duncombe d.1. 1995.
45. \,v Doncombe.t al. 1996,
46, W. Dunconbe atd l. Yinge!, 2001
47. w DuncoDb. .l al. 1995.
48. w. Du&ombe €t al. 1996.
49. \4 Dun.onrbc .nd I. Yirgei 2001
50.Ibi.l.
5t. W Dun€ombe and l- Yingei 1997 
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tnodel elinrinates these influences. However these varicbles are o[ inlerest, and
to cnsure their inclusion, a random effects mod€l is errployed.

A rcgrcssion modcl analysis estimates parameters for the school distri(t cosl
function.'Ihc variablcs in this analysis are in logarith jc forln, inrplying thc
cocllicicnts arc also clasticities.Onl:c the cost function is estimated, it is optinrized
(in rhi$ case minimizcd) across thc range of variables using the coeflicients
cornpLrtcd by thc rcgrcssion analysis.

'lhc rcgression analysis determiDes if the resuhing cost curvc is approxinrrtcly
quadralic. Cost economies (or diseconomies) of scale associaled with s.hoo]

district size are idcntilied by examining lhe sign, sjze, and silinilicancc ot lhc
cstimatcd coefficicnts ofenrollment and its squared lerln.

'lhc st'coDd portion of the analysis attcmpts b find potential sources of
disecoDr',rjes. A regression model analysis is cmploycd to determinc ifthe cosl

funct ions for t ransF)rtat ion, teacher sal i r ies, adminislral ivc salar ics,and parcDl

student involvenlent are approxinrately quadratic. llc tcst of parcnt studcnt

involvcDrent f i rst  requircs an exanl inat ion of the cosl  esl imrt ion. lhe sign and

signilicancc ol tbc cstin)alcd paramctcr on attcndancc (attcnd) dcternrincs

thc influcnce of this variabLe.lhe cost functjon js lhcn rerrr.rnged making the

larcnt studcnl proxy (rttend) thc depcndcnt variible. A regressi()n rnilysis is

corrplclcd rc dcterminc thc inllucncc of consolidali(nr on thc lcvcl of pircnl

stl|(lcnt involvenrcnt. Specific procedures and formulas fbr c.rch conrp(nrcnl of

thc analysis arc outlincd in the foll()wing sectioDs.

'lirlal 
Cosl

'lix.rl district cxpcnditures arc cliviclecl by eDrollment. lhe equnti()n for thc

sclrool dis lr ic l  lo lal  pcr pupi l  expcnditure (cos$p) i l l  loSari thr)r ic fornr is

cstinratc'cl rs:

ln(Vr) = b,, + )b,(ln(Xi)) + )bi(Yj) +c

11/:coslpp
X, :  eDrol l , rnrol l2,nttend,brsn),  pclr isk,  pctpov,tesala, pcr i ,  cf l r tc ' ,

schsizc, sec, capr
whcrcr h(cnrol l2) = In(cnrol l )-) l (cnrol l )

Y/ :  nrctro, suburb, rurnl

'| hc ir)dcpcrr !tcr t v0riNblcs illcludccost,pcrforDran cc', cu rollm ent,denxrgraph ic,
technological, ard cost ratio nreisrres. Apperdix A providcs a l;sring and
delinition of all variables nanes. nre selectnn criteria for v.rriablc incl sio is
the prevalelce of nse in previdrs stftlies, data availirbility, and an attcmpl rc

- - * - - = E
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select variables which significantly aid in describing the cost functioD while

providing insight into possible scale economies. The logarithmic tnnsforms of

the Xi variables are employed so that results are in elasticity form. The binar)' Y,

vadables are not tnnsformed and are used to gauge demograPhic effects.
The endogenous rariables are average teacher salary (tesala) and a measure

of student performance (perf). These variables are instrumented usinS

socioeconoDic and demograPhic variables. The fust stage regressions:

ln(IVr) = bo + lb,(ln(xi)) + !br(r.,) + e

ivd : tesala, perf
Xr : enroll, enroll2, att€nd, busm, teexp, teday$ Pctrisk, PctPov

pctnomov, pctnoed, Pci, efite, schsize, sec, and caPr
where ln(enroll2) = ln(enroll)*ln(enroll)

Yj : metrc,6uburb, rulal

From the results of the 2SLS model, an oPtimization model is constructed

using thc estimated coefficients of the r€greision analysis. The model is designed

as a cost minimization model and solved as a math programming problem.

Enrollment (enroll) and enrollmenl squared (enroll2) are free v.riables in the

model. All other explanatory variables are 6xed to thefu mean value across

the data set. Th€ actual explanatory riabl€ wlues will differ between school

districts. Conditions specific to a school district that are differelt from the mean

assumption will have an impact on the didricds particular oPtimality

Minimize ln(Vr) = bo + b, (ln(enroll)) + br(ln(enroll2)) +

?bi(ln(Xr)) + Ebj(lD(4) + e

Vd: costpp
Xi : aftend, busm, pctrisk, PctPoY tesala, perf, effrte, schsize, sec, caPr

wherq ln(enroll2) = ln(enroll)'ln(enroll)
Yi : metro, 6uburb, rulal

Optirnal enrollment is highly specific to the assumPtions made and the mean

values derived from the &ta. An enrollment range with costs within 5% of th€

estimated optimal wa! also generated.
As suggested by Dorfman et a1.,53 a confideuce interval was constructed

around the optimel enrollmelt by employing a bootstraPping m€thod. The

actual sampling distribution of the forecast can be estimated by bootstlaPPing

53. H, Dorfdan et .1. 1990. "Conlid€nc€ lnte dt for Eldticiri6 .d FLxibilitiesi R.ev.lulitS rlc

Rarios of Noinafs C.a5e'l^'cri.an lournol oJ Agticulu','l Econonids 72({): 1006-1017
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the ent ire est imation procedure. ' Ihc gencrar ion of rhe saDipl jng distr ibui ion
allows for an approprirte confidencc intervxl ro bc Benerated.

' f  I {  A  N  S  I '  O  t {  l  A  l  r  o  N  c o s  f ,  s A L A t ( y  C O S t . ,  A N D  p , \ l r F N  r ' -

S ' I ' U  I ) E N ' I '  I  N V O I - V N M  F N T

'Ihc tcchDiquc uscd to estiinatc the cosr funcrion ofthe previous sectilrr is thcn
appl icd in a simi l , rr  nr.rnner to cst inrtc transporrar ion cosl ,  sr lary cost,  and lhc
pa rcnt student involvem ent lcvcls. Speci fical ly, thc two stagc Icast sq uarcs (2SLS)

randon cftccts 'rodcl is ipplicd to transporration, salary, arld rltcnd.ll]cc data.
By man4rulating dcpcrrdent variablcs (Vr and lVd), and indcpcndent viriatrlcs
(Xi .rncl \) irs needed, it was |ossible to exanline how wcll the Indiana dala set

responds to sonlc ofthc hypotheses trrought forth in the litcrature.

R I ]  SU I , ' I 'S

Rcsults for thc tot .r l  cosl  cqu0t ion are drown in Appc'rdix I t , ' lht) lc L I lnrol lnrenl
(cnroll) hasa nt'gativeellect on total school dist rict costs per pulil, and enrollntent
scluarcd (cnroll2) has.r posit ivc cffcct. lloth cocfficicnls are signiicantlydiflcrcnt
from zero.'[lis iD4tics that tol.tl pcr pupil costs decline wilh incrcnsed str ent

enrol lmcnl to aD opl imal poiDt.  l leyond this point,  total  per pupi l  cost r ise with

increascd entullnlcot. lhcfc arc economies ofscalc at snraller cnrollnrcnt lcvels,
rtnd discconomics ofscirlc at Iirger enrollmcnt levels.

'lhe cocllicicnl (r) rllcnd,lDcc (attend) is ncgntivc and siSnificant. An incrcasc
in altcn(larce resulls in dccrc.rsed per pupil costs lhis is our easure of
parent and sluderl  involverrrent in the school dis lr ict .  IDcreascd parent-stLrclent

involvemcnt rcduccs pcr pupil costs.
Socioec(nx)micvari . tblcsrrcsigni l ictnt f .ctorsindctcr, l1 inirrScosts-Increascs

in terms of fanrily poverly (pclrisk and fc$ov) rcsult in increased pcr pupil

cxpenditurcs by sc|ool c l istr icts. ' Ihe increased spending may bc the resulr  of
idclcd wclfarc Dccds, st,rtc aid programs, and rcquired assistaDce programs.

-nre signifcrnr aDd negalive cocficictlt on the teacher cliicicncy ratio (ellrte)

inclicates that aD ellici!'rrtly rro school district rcsults in reduced pcr pupil costs.
'this r.ltio,which dividcs tcrcher expenditures by total cxpcn ditu rcs, is an atrempl
lo irsscss thc proportior of costs directed to tcaching .nd lcarniDB dctivitics. As
expccted, thc highcr the portior ailc'r(lcct tcaching.ctivitics,lhe lcss the overall
cost of thc distr ict .

'lhe imporlancc of the teacl,cr ellicicncy ratio (etrrte) hcbs to validrtc the
f inding ihat lencher snlni ! 's ( tcsr la) are posit ivcly co'related with pef p(f i l
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costs. A higher t€acher wage scale results in higher per pupil costs. The same
positivc and significant retatiolship cxists berween p.. p"p,f .ou" ""a ii.
other in\ trunrcnred \ar i rble.  studcnr performance {pert) .  The rc\Ul indi( .rres
lhe potent iJ l  for a 1,o5;1;y* rclatrnnship bctween studcnt pcrforrnance and
expcnditures.

'Ihe 
associated costs of extracurricular achvitjes may be the causc of thesignificance ofrhe variable which measures thc shareofhiSh school studenrs5a in

tolal cnrollmcnt (sec). Costs associated with rca.lrtng.l.i;. stra"nt" ar. t tgt".,
wfiich,is shown by the significant and posirive coelficient of the secon"dary
variable (sec).

. . .  
f inJly,  thc rcldr ionship between Fer pupi l  (osts and school s i : /e i \  of  inrerest.

, r ,he 
s(h:ot srr :  var irble t \chr ize) is s i8ni6(ant and neSarive. ln response to

Increa\cd enfirttmenr, it appcrrs less expensivc lo increare school enrollmenr
than build additional schools_

A n optimization model is constructed using the regression analysis cocfficients
rn the opt imizat ion model (Figure l ) .

optimal enroliment: I,942 students
95% Confidence Interval: 1,300 to 2,903 students
Optimalcost per pupjl  $9,413.93
Flnrollment wilhjrl 5% ofcost optimal: 547 to 6,g89 stuclents

t4 dcllncd asgnJtsg rtvouEh l2

'liitrl Cost Per Puprl
15,00{)
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11,000

^ t 2,000

: r r,ooo
S lo.ooo

& e,mo
8,000

7,OOO
6,000

5,00{)

,S*$++\r'$.e.$Jt$-qSO.-s6S*,s"rs,,err1..;gp
Iirrollmenl

l. Indiana SchoolDisrrict Toral Cost per pupil
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'lhe 

.on funcrior displals a U shaped curve (quadratic and convex).f .onor ' i$ of . (JJs cyi \ t  'p ro th( opt imdt c,ro'rnr nr lerel  of  t ,q42 \ lude.t \ .
heyond the ot, t inr, l  J( \(1.  di ,c(unojnic\  emcrgc re\Ulr i l rS i  

 

in. :rc,r \c per fUI, i lexpenditurcs. 1le dara has fewer obscrvarions above zolooo stuaents timittng

1,:.::l1n:"* 
': *"llctins the shapc of rhc curve to ttre rishl of ttrc opti,nxi.

Howcver, ir can be srid wjrh confidcnce rnar any cost bcnents of consoliclationqL'i.kty dissiparc bcyond 2,000 strrdents and dis;.".,",." ",;;.g..

' l  R A  N S  P O  R T A ' l . I  O N  c o s , t
-Ihe 

reSression resuhs fo. transporlation cosls are lound in Appendix B: Tablc 2.l  he tr . rn\ t 'or t rr i , ,n L,^r$ p(r puprt  J i ,ptay neSatrve sigrrrr ,(rnr c s r lh cnro menl
tenro )  dnd po\ ir ive siBnit ic.rnce wirh enrol lmenl squrreJ (crrrol l2).  pcr
pupil transportation costs exhibjt elficiencres derived fronl incrcased studcnt

: . : l t : l '  
, :  an oprDiut pninr is rxpressed by rhc siSnif icnnr dD(t rrcrrr ivc

cocnrcicnr or.  cnrottmcir l  Huwevcr,  heyond an opl imdl p, , inr,  J isc,.onornics
.rrc evrJenced by Jn cqui l ly s isni t icJnr and posit ive coeff i ! icnr ,r f  en,u11ln"n,
sqoaretl.

.  
] t  i \  ent i rc ly corsi j tcnr rhat p(r  pupi l  t ransportar ioD cosrs i l rc: i ln i f icanrlv

In  e ced by the bu\ rni l ( r  of  . r  J i \ rr icr . , f tc bus m;le var ial , le lbusmj indicar,s
thc. number of miics travelcd by school district buses on .l **og" a"y. ih"
v-nr iable. is signi6caDt and maintains a posir ivc relar ionship * i t f  p.r 'pupt i
transporlation cosls.

Anothcr cojrsiderrt ion in rr \c(\ ing tranrportat ion corts i \  sucincc,rrumi(

I l l ,Ti::,* ':*. '  :" ln,ity fovcrty (pctpov) resuh in incrca{cd rrrn.porriri i ,n
erpfnd' lurrs hy school J i : rr i ( ts.  However,  this 6ndi[g i \  mi l ig l ted hy thc
insignificance of arother socioeconomic variabt.. Wt.rJo. tt. ,o".lo..o*n.i.
condilion of lhe scrviccd irrea is shown signifcant, lhe lnvolvement of thcstudent in assistancc programs is not a facbr in per pupil transportation costs,as seen by rhe insignincancc of the chikl ar risk variablc (pctrisk). Ihe role oisocioeconomic status in transporlation costs rema|t)s unclear'Ihe 

deDx'graphic variablcs (rnctro, suburb, anrl rurill) nre sjgnj6cant, positive,
and roughl), similar Compared ro a rowD, a 

 

ttrrcc dcmcira,hic var;aites
Incre.rse pcr pupit transportnrion costs, wirh rural districts induciDg the largcsr

'nrc 
signific.rnt rnd ncgative cocnicienr ofrhe teacher cticiency rrrio (e1Irtc)

tcaching expenditures compared ro orh€r cxpeldjt".cs_jrdj.a;"s ".";.";";;.
bcr'vern an emcienrly run schooi disr.ict and red*., O. O*,U ,.,*^.iri,.,
costs. As the rario incrcases, expenditures on non tcaching nctivitic; such as
transportation decrensc on :r con4,irarive basis. tt is tikcty rhat rhis relationshif
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:il:ilT":l:.'ffiji:llJ:il:,Tli'l'.,1;'�circner emciencr ra,io do.,s no,
^. ]jrc 

a,ld::i lra nspo]tat ion dernands ofcxrrac u rl. utar activjt ics nl ay be the causeor the positive siSnifican€c of rhe varirbl.r "t,a",,t. i. tr,.ii,t.i.id)il;ffi fj,T,l,,:,::il]::li:..f:;n:
r.quircs addirion:rl burdens on the transD
a higherporrio,r orhigr, ;.i;;,;;.;;;,:""""'n 

inrrastrucrure A district wirt,

r.ansporrarion costs. 
likely lo cxPeriencea hiShcr per pupit

I i ' rJ l ly,  rhe rchrr, , rrrhip hcrr"t . rr  ncr pupit  l r r t |s l ,orr . , l inrr  ( . , \ t . ,  \Lhoot r i . ,c,,,nd crpir. ' t spe,,dij,8 ,, .,g,,;u "r in,.,""i. . ,e s(t,,,ot sire ,.,r- "r,r. r,, l .r). i.,.srgDi6carrl and ncgnli!-c. n argrment coLrld be r,,",r,","",,,;;;;,;;".r.;,;:;;,;;sma'er size shoutd Draintain stlrdcnts in ctosc p-_^rr. ";;;;;,i ;;"::pcr puprt rransfortation costs. However, the resuf," *gg"u ,L", " I".g;" *;;concentratcd school resul(s in Iovrer transporralton costs (lrigurc 2).
Optimalenrol lment: 2T,Sl0srudenrs
95% confidcnce tntcrval: unbounded
Oplimal cost per pupil: $423.26
I, lnrol lment wilhin 5% ofcost optimal: 2,225 to 104,737 students

. 
the oprimal enrrr l lment lcvcl for transor,he r(.ver seen wirh ro,dr.,,.;:,;; ;#;;T::ili,;,;'il:T:Ji,::i:::*:l

bc cdusinS signi6caDt discconomics. Tie

:ll:'j::;::li'og,, -,,;;;,, ;;;;,;.il u:::::":'#:l LH,:ll .i".#:jDeyond60 ,000s ruden ts ,wh ich i swc l l ou t rdc rh . r . r f rn , f , f r . . " i , , i nga ; , " . . " "
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S A L A R Y  C O S ' I '

l l , .  \ . r l . r r '  .  o\ t  r( tsrc\ \ iorr .  rrc Ior.1J :r  Appen{i i r  B: l ib lcs J,4,5..rnd ( ' .  Ar ' . r r . r l

. v ,  r , r B c  \ r l J r i e \ .  b o l l , l u i  r c J . l t c r ' , , 1 J a ( l m i n i 5 r ' r t o r . a r c \ i g I l i 6 l : i n l l y i n n , r e ' 1 . e ( l

hy crrrol lnrcrrr  r ize (errrol l  f l rd cnrol l ) i .5r l"r i rs ' ise br ief ly ar Ihe oul ' ( l  uf  i r r

creased e nrollment, but a rc qu ickly followcd by decline. Socioeconomic variables
(t ctpov, pctrisk) are also found 1() signincantly influence the pay scale. Distrjcts

located in areas ofin€rcascd poverty are shown to have a lowcr pay scale.

Salarics are a major componcnl ofthe annual budget ofa school district, ancl

l ) l ' i , r l lyLon\t i lu le rol lghly s5 g0c, uf  thcsLhool budget.An incrca- in *ho"l

budScts, regardless of its sourcc, is likcly to be lreavily atlocatcd to increrscd

st|l.rries. Similarly,sinceteachersalaries in aggregxte dwarfthosc ofa.lministrxtivc

salarics, an allocation will likely favor tcachers. This effecl is evidcnced by the

s;gnificance and positivc corrclation of the teacher ratio (cfrte). This ratio

measures tea(hin8 expcnditures compared to other expend itures.
An interesting result is the effcct ofcapital expenditure (capr) and school sizc

(schsize) on terchcr sal.rrics,both ofwhich are positively significant. An increase

in school size is seen to have a positive effect on salaries, or that lrrger schools

lcnd to concentrale in larger districts with high€r salarics. The resr.rlts could

suggcst that a premium is required for teaching in larger schools.

Iinally, the results suggcst that a premium is required by teachers for school

dislricts with larger numbers of lower-grade students (sec). lhe finding is

interesling as oficn high school teachers earn more duc lo stipends and extra

salary for extrncurricular a.tivitics. The cause of the finding is unclear, though

it might bc the result of tenured teachers, with higher salaries, desiring to teach

youngcr students. llega rd less ofthecausc,the premiunr is apPlied onlyto teachers

and is not carried by administrators. 'lhe 
Sradc of sludeDts is found to have no

eli'ect on adminislrative salaries (!'igule 3).

Plotted agLrinst enrollment, annual avcrage salaries are shown to be quadntic,

concave, and shar€ a strikingly similar palh. Salaries ris€ initially,but quickly turn

ncgative beyond approximrtely 4,000 students.'Ihc potcntial for these salaries to

irfluence scale cconorrries, howevcr, can only tre analyzcd whcn coNpl€ting the

aDalysis in per pupi l  tcrns.
I,er pupil salarics, bolh firr tcachers ancl admiristrators ( PPcndix 2: lhbles s

aDd 6) are lcss irflucrced t y enrollnent sizcs (enroll and enroll2) than iDdicated

ir the analysis of avcrage an n uil salaries. Per PuPil teacher salary cosls are shown

to h nve no sign i6cance with en rollD ent size, PerhaPs the result of teacher studcnt

ratio requirements. Per pupil administrative costs.rc siSnificantly innuenced by

enrollment, w'th costs declining ilritially, but gradually incrcasing

I
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Ittumi itlgEconanies of Scate in School Cotlsotidation

n _-- 
^ ^ ^--''*,rb".,\.te.l;.1""t""1.,1_,sr$.${el-sr..nSO

r '8r r .  r  tnd ' .nr  schor i  Dist rk t  AIDt .J t  AvcraS.  S. tar  rcs

-_'llrebu.snrihsvariable 
(busnt is ncgativelycorrelated wirh bolh perpupilsalarycosts As the bus m ires increase, the salary revels sccn in the d;st riit crecrease. ,Ill

results suggest that rural distdcls have;wer administrative salarjes than thcirmore urban <ounrcrparts. Ihc rcrr l , ,  suggesr th" n'rr" urlrn "n,1.,,n."nir","adistr icts arc l ikely k) see jncreascd c.sri  cucn i l  socioecoDomic cordit ions rreworse than their rural counterDarts.

L 
lhc rcsuhs in(l icatc lh.rt pcr pupil  c,xrs ol tc.rching high school students , lrch'gher, whih (onrrul l irg fdr schuol sizc.,1s sccn by rhe signi6crnt and po"i l iverelationship of the srudenr disrribution variable (sec). ff," nraing .,l"fa'i"the rcsult of a chan{je in rhe teacher_student ratio of high ..lrJ ;r";; ;;

:ilifi:i:;:T:.T:f',":::::5:;"Jj:'" :"nua, sarary ana,vs;s inc,icaterr a
and is not canild by adm;il;;;;. ;;;;:.i5iftil::'::,t;jH []::.":to have no significant cffed on pcr pupil ;ministrarivc costs.

ASgreg.re teache, sahrics don)inare the annual tludger of a school district. Itis thercforc rcasonable to suspect that pcr Igovcrncd by the expend,,,;,:;;;:il"ili:il:f ffi fi T:l'i".fi ].ilJof these funds ro reacher saiarics (crrrte), which is dcfincd a$ the rario of teacherexpendilures lo torat expenditures. Sincc the Bovcrnance .f ".h..1 dt.;;;;i;aptroximatet), fixcs the teacher/strLdent rrrio, th" *.,"a, ,rr p* prf,f i"".i,".salary costs is minimat. Wilh liftle mexsurable ditferencc, per p"p,l ,"".fr..salary,cost isalnlost exclusively a funatit)ll ot expenditurcs and allocition. this

):^.1',1","*1 .0t 
*-" "i*rnety rarge significance or rr,. p.. p,pl ..,t ,".i"ir.(costpp) and teacher efliciency variable (cilrte) (Figure aj.
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l'�er PLrpil Salaries

2 z,oao

B r,5m
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/  {ure 4. Indrrna Scho. l  l , i t t t i . r  t " t  eupiSut",y Co"t"

Plotted againsl enrollment, per pupil salary costs functions are shown to be
vastly different. Per pupil teacher salaryis not significantly inlluenced byenroll-
ment and is therefore not shown. Per pupil adrhinislrative salary costs is shown
to be quadratic and convex. The benefits ofconsolidation lhrough scale e.ono-
mies for per pupil administrative salary costs extend to an enrollment level of
approximately 3,000 students. Iteyond roughl)' 3,000 students, per pupiladmin-
istrative salary costs exhibjt signs of scale diseconomies and become a liability
for further consolidation.

P  R E N T - S T U D E N T  T N V O L V E M E N T

'lhe regrcssion results of student attendance are found in Appendix B: Table 7.
As a proxy for parcnt-student involvenrent, student attendance is shown to be
slightly influenced by enrollment size (enroll and enroll2).Attendance rises very
briefly at the outset ofincreased enrollment, but this effect has quickly followcd
a prolonged decline. SocioecoDomic variables, poverty (pctpov) and a lack of
household education (pctnoed) are both shown to have a negativeand significant
efLct on the attendancc Ievel ofchildreu.

The numberofteachi|rg days (tedays) has a negativcrelationship to attendance.
hrcreasing the number of teaching days could result in increascd student or
parental fatigue, with the resuhs an indic.tion of this fatiguc effect.'Ile result
could also question the marginal contribution ofadditional days ofteachine in
incrcasing pcrformaDcc.
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Irinally, allendancc is shown to have a significanrty positive rciationship wirh
both performance (pcrf) and thcteachingefEciencyratio (effrre). llocatingmore
lunds townrds teaching activiiics, in plfte of ad m inistrative and extracurricular
activities, seems to bolster attendance. Srudents performing at a high standard
are also likely to maintain higher attendance (l)igure 5).

Plotted against enrollment, student attendance is shown to be quadratic
and concave. Attendancc rates rise initially, but quickly turn negativc beyond
847 students.lhe student artendance rate begins a tong and gradual decline as
enrollment incrcases. Beyond iDitial stages, en rol lment and attendance maintain
a negative relationsh ip. 'flrc rcsults of this analysis must be assessed when states
considcr school district consolidation polic).

C O N C I - U S I O N S

This analysis dcmonstrates that the total per pupil cost function for Indiana
school districts is quadratic and convex. Cost emciencies to an optimal level of
student enrollment can be obtained which will mi|limize per pupil costs. Ileyond
the optimal enrollment, however, increases in enrollment will be negatively
influenced by increasing diseconomies of scale which will result in higher per
pupi lcosts (asclearly i l lustrared in Figure l l .

The oplimal level of student enrollment is determined to be 1,942 students
at an approximate cost of $9,413.93 per student. Tbe optinility range is slightly

5 0.95

Sludent Attendancc

Ltrle 5. Indiana Schoo: Djstricl Student Attendunce
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below prevbus st uri ies. !5'56 57 53 5e 60 Ihe 9 s0/6 con fidencc intcrval of th is optimal

is crl.ul,rtcd as approxirrately 1,300 to 2,903 sludents.
'lhe lindings support thc clnirn thnt significant c{ficiencies could be realized

by the consolidalion of school districls ryith cnrollmeDt levels below 2,000

students. Of the dala prese n ted in 2 006, there N crc I 50 of the 292 school dist ricts
(approx. sl.a7o) below an €nrolllnent level of2,000 studcnts which could bencfit

from consolidation. The exacl arnornt a pnrticular school district couid beneht

from consolidalion B('uld depcnd on current cnrollment size, with the smallcst

distr icts gaining tbe |nost cmcicncy. ' lhe smal lcst 45 school distr icts (xpprox.

15.4%) in Indiana nlajntain corol l lneot levels of less than 1,000 studcnts, whcre

benelits ofconsoliclation derived from scale cconomies are largcst (|igure 6).

l)isccono'nics crncrge beyond an cnrollrnent tcvcl of 2,000 stuclcnts. lhe

confidence in knowing the shape of the cost curve beyond thc oplimal is lcss,

givcn the infrcqucncy of observations above 20,000 stud€nts. lhis nlay slightly

reduce the potcDtirl appcal ofdcconsolidation oflargcr school districts. Ihough

the exact amount of slvings might be disputed, thc rcscarch is conclusive nnd

supported by prior research in asserting that both largc rnd smalldistricts can

suffer fron scale discconomics.
'I he onalysis a lso di$scct s tbe totalcost funclion and focuscs on transportation

costs ns a potential source oflhe diseconomics. Transportation, though certainly

not a source ofcconomics, is Dot a large source oftliseconomies and is found not

56.W l )un .on lb r . l . l .  1995,
57.W l)un.on$ccrnl. 1996,
5 l .W l \ l rdmb.  ind , .Y iDS. t ,  2001,

60. M In.nDu lnd D.orro.2003.

IndiaDa school Corporntio|r Size

E ' *
: 'z')

-3 ao

4,000 6,000 3,000 lo,lxn 20,000

size ofcorporltion (by sltrdcnt F:nrollmenr)
20,000

? A!'" 6. Indi.na S.hool Dislricl Si7.c
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district and per pupil costs should be expected to increase.6e,70
It has bccn shown that n largc percentage of IndiaDa school districts could

benent from a reduction ofpcr pupilcosts by readjustingenrollment levels across

the state. Howcvcr, the aims of cost reduction must be considercd within thc

contextof otheracadcnric ainls :rnd political realities.The potentialcost savings

of school dislri.t consolidation and its impact on student perfoffrance and the

culture aod identity of rural communities have strtcwide poljtical implications.

Assessment ofthesc inrpacls is the logicrl progression ofthis research. After fully

understanding lhc complctc cllects of school dislrict consolidation, an optimal

balance can be maintiined bctwccn costs, achievement, social, and political

considerntions, wh ich willmaximize the utility of itscitizenry.

70. lt Barker and li.(ionlP.1964.

A P P I J N D I X  A :  V A R I A A L I '  D t r F I N I T I O N S

l. cnroll corp. enrollment;2004 2006 Class
2. atlenil corp. altendance ratei 2004-2006 Class proxy for parental

iovolvement
3. busm corp. bus miles driven per school dayi 2004-2006 Class
4. sch corp. number ofschoolsi 2004-2006 Class
5. dem corp. demographic variabl€:2000 Census

I = netro,2 = suburb,3 = town,4 = rural
6. sqmi corp.square mile$ 2004-2005 Class
7. teexp corp. average teacher €xperiencei 2004 2006 Class
8. tedays corp. number of teacher days; 2004 2006 Class
9. pctrisk corp. % childrcn in at risk programq 2000 Census
10. pctpov corp. % parenls below poverty lcvcli 2000 Census
I L pctnomov corp. % not moved since previous census; 2000 Census
12. pctnoed corp. % parents no €ducation bcyond l2'h gradci 2000 Census
13. pci cory. pcrcapita incomerYearly
14. cost corp. total expenditures; 2004-2006 fiscal
15. costt corp. transportation costsr 2004 2006 Fiscal
16. adsala corp. averagc adnlinistration salary;2004 2006 fiscal
I 7. tcsrla corp. average tcrcher salaryi 2004- 2006 Fiscal
lS.perf corp. student pcrformance ISTEP indexi2004 2006(llass

= avem8c % passing ISTEP HnSlish and Math grades 3,6,8,10
l9.metro dcmographic;2000C€nslrs;mctro( l)=l ,other=0
20. sub rb demographicr 2000 C€nsus; suburb (2) = I,other=0
2 I . town dcmographic; 2000 Ce nsusi lown (3) = I , other = 0
22.r\r^l dcno8raph ic; 2000 Censns; rL'ral (4) = I,other = 0
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23- etrrte

24. schsize

25.sec

26. capr

27. coslpp

28. costtpp

29. adsalpp

30.lesalpp

Examining Econonies of Seate in Schoot Cansolidation Dl
corp. emciency ratio; 2004-2006 Fiscal
= total teacher sataries / totat cosrs (cost)
corp. av€rage schoot sizq20M_2006 Class= enrollment (enro ) / schoots (sch)
corp % students in grades 9 12;2004-2006 Ctass= enroxment in grades 9-12 / rotat enrollmenr (enrotl)
corp % capital expenditure$ 2004_2006 Fiscar= tcapitalproFcts firnd + cumulative building fund + debt servicel

/ total cost (cost)
corp. cost per pupit; 2004-2006 Fiscal
= total cost (cost) / enrollment (enro )
corp. rransportation cost per pupil;2004_2006 fiscai. rransponatjnn cost Gost) /enroflmenl (enroll)
corp. adm in i\trarion cost per pupilj 2004_2006liscal
= aomrnrsr.at've cost / enrollmenl (eniolt)
corp. teacher costper pupil;2004_2006 Fiscal
= reachercost / enrollment (enroll)
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?a6re f. Srhoot Diskict Toral Cost per pupil Regression Resultsrndependent: ln(costpp), obs.r876, R_sqr.: o.seie lbetween ols, and prea.;"variable 
coe6cient sr,r i*--..............-...............---

ff lstatistic p value

I l : : l : l i l ,@
i l i : f f i i i ' : H : f : i : l : s 3 4 0 0 0 0 - '
rnrbusmi ;:;;;;; ffi; 

'168 ooe3''

l:l:::::1 W ;ffi ::: ,:.?:.
1"1*'{.:l 0.03783 o.ooai, ;:;; ;ffi::
l"j '"*1.1u o34 e 0.0e28r 3.?3 0.000,..ln(perf)- lv 0. t8571 0.06998 2.6s 0.008,. .
::::. o028s6 0.0rs02 ,r.eo ;;;;.,suDurb 0.0408t

i".,,,,,,::-, ;;ff; iliiiS ili :ffi:::j" l ' i": ' . 0?5746 o.o228? .Jl.r2 o.ooo...
i: i : ' l : '*) 0 rr857 00r44e 8.r8 0.000...rnrsec) 0.02502 0.0067

# t i i i l : : , :J'gn,nlance. t ss6 tRet. ., J0e6 hvft,,.. s% tev€l
'nsrumeDted variabt6 In(r.srtJ. In r p( rD denored by.tv..
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?ible 2. School District TransPortation Cost Per Pupil Regressioi Results

Independent: ln(costtpP), Obs: 876, R sqr: 0.6143 (between obs. and Pred.)
-vrri"ur" -c."m.i.', 

st.r 1t.", , ro"iul. 
-1315

In(enfo l l )
ln(enroll2)
ln(arrc.d)
ln(busm)
ln(pcrr isk)
ln(p. tpov)
ln(tesala) IV
ln(pert) Iv
Melro
Subtrrb

ln(cflrte)
lnGchsize)
ln(scc)

o.t4657
0.00918
|.5t427
0.00960
0.00662
o.o24t4
o.21647
0. l97l l
0.04230
0.0:1466
0.03182
o.06442
0.04082
0.01889
0.03095

S ig . i f i cancq '  l s% levc ! , r '  I 0%hve l , * ' s96 leve l

lnst,uhcntd v{i.tlcs ln({ral),I(pcd) denokdby lv"

0.55807
0.02730
0.01266
o.2t777
0.00734

-0.04700
0.08567
0.09676
0.t7824
0.10934
o.26227
.o.29987
-n.o7t47
0.03571
0.05534

3.81
2.97
.0.02
22.69
, t . l  l
1.95
o.3l
o.49
4_21
3 . I 5
4.24
4.66
t.75
1.89
r.79

0.00{J""
0.001+"
0.983
0.000"'
o.267
0.052"
0.743
0.624
0.000"'
0-00211'

0.000"*
0.000'""
0.080"
0.059'1
0.074"'

l,rrle J. Avcrage AdministraLivc Salary Regre\sion
Independent: ln(adsala),Obs r 876,R-Sqr.:00803

Resu!ts
(between obs. and pred )

Variable Coemcient Std Error t statistic P value

ln(enrou)
ln(€nroll2)
ln(an€nd)
ln(busm)
ln(pctrisk)
ln(p€tpov)
ln(perf)  IV

1n(etrrtc)
lnGchsize)
lnG()

0.47898 0.t2497 3.83
-3.69

o.52
- 1.84
-2.49
-2.U1

0.68
4,64
3.70
2.68
4.95
3.88
0.28

0.000'" '
0.000""
0.602
0.066" '
0.013" '
0.005" '
0_498
0.000*'

0.007' . '
0.000'*
0.000*'
0.781

,0.02990 0.00810
0.21931 0.42032
0.00935 0.00508

-0.00955 0.00384
-0.04778 0.01701
-o.o7t)37 0.10387
0.10028 0.02160
0.07350 0.01988
0.04892 0.01825
0.79237 0.16018
0.09933 0.02558
0-00308 0.01106

ln(capr) 0.03290 00l l l2 2-96 0 001""

ln(costpp) IV 0.91746 0 17597 5 21 0-009'l!

S ien i l i . an .e '  15 * l cve l , '  l 0% leve l , " ' 5% lcve l

rnstr.-errcd variattcs In(p*f ), ln(.ostPP) dcnokd tlv"lv
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Table 4. Aver^geTea<her Salary Regression Resulls
Independenl tn(tesala), Obs.: 876, R_sqr:0.2t | 4 (between ob<. and pred.)
Variable Coefrcient sr.t n-, 

-------......-----.------
:-- __)r tslat isl ic P value
:"j--lll. osl:rffi
lnGnro , -0.03796 0.00679 _5.59
ln(attend) 0.65875 0_54866 t.2o o.23oln(busm) 0.00230 0.0o4lt o.s6 0578fD(pctrisk) -0.00659 0.mju -2.12 0.035,rr
fnlncqw1 -0.03074 0.01359 -2.26 0.024ri.ln(perf)lv -0.08263 o.Ogozg _0.9r 0363
yl. 0.06296 o.Ot?4? 3.60 0.000*.
:ubrrb 0,04834 0.01642 2.s4 0.003*r.
lurd o.os329 0.ol57l 3.39
f"1.tr 

") 
. 0.96612 0.l43gr 6.72 0.000..1ln(schrize) 0.15448 o.u8az 6,2t 0,00or.*

l'!.*) 
-0,03465 0.00908 _3.81 o.ooo*.

]"!*pO 0.03147 0.01379 2.28 0.023,r.
;ii(."jte'llY: :: ttsts4 o.M;-
siEnifd@ t 1596 Lwl 1r lo,t6 kEI, {, 596 t*t
ltutru.nt d Ed.bt€ tn(pcd), tl{colrpp) d.nor.d b.Iy,

lncnrol2) 0.02840 0.01216 1.66 0.096*ln(attcnd) o.2s26g 0.596z4 o.4z 0.636ln(busrn) -O02S09 O0ll4S -2.t9
Ilpct'lskl 0.01034 0.0086s l.t9 0.233
lnlpctpov) -0.00s66 0.03z26 _0.15 o.8:/sln(p€rf)lv -0.08180 o.22rw -0.32 0,711.:tr9 -o.0s262 0.04887 _1.18 0.23ssuburb -0.11586 O044tE -2.62 0.009_.
1rt]"1 -0.09117 0.04070 -2.24 0.02sr.1
lnletrlte) 0.s1783 0.28802 r.80 0.073..lnGchsizc) ,0.0902s o.u4g7 -2.0r 0.045**ln(saec) -0.00383 0.02{rd -0.16 0.874
f'!*po ,0.000Je o.ot676 _0.02 0.981

.F(fo3tpp)-lv 0.61307 0.30313 2.02 ;.;;;*,
SiSnifc@r . I s96 lcvd, - 1096 t vcl, *" s96 l.v.l

.Idrls 5, P€r Pupil Mminlstrative Cost Rcgession Resultr
hdependent ln(edralpp), Ob!.: 876 R_sqi: 0.3534 ftetween obs. and pred.)
'Variable 

Coefficient Std Error t statistic p value
InGnror) -o.lzo%

ln,lruhent d wi.H.! In(pdo,In(.os9p) d.nor€d br.tv,

I
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?hrle 6 Per Pupil Teacher Cost Regression Results
lndependeDt: l;(resalPp), Obs.: s76, R-sqr: 1.0000 (between obs. and Pred )

Variable Coefficient Std Error t statstlc p value

1n(enrol l )
lD(enroll2)
ltr(lttend)
ln(busn)
In(pctrisk)
ln(pctpov)
ln(perf)  IV

ln(efne)
ln(schsizc)
ln(sec)
ln(capO

.0.000026
0.000003
0.000617
0.000007
0.000001
0.000009
0.000073

.0.000010
0.000007

-0.000009
0.999937
0.000003
0.000019
0.000008
o.999943

0.000104
0.000007
0.000662
0.000004
0.000003
0.0000r3
0.000094
0.000017
0.0000r7
0.000t66
0.001451
0.000027
0.000009
0_000016
0.000195

o.25
0.39
0.91
t_77
0-{4
0.64
0.77
0-58
o.44
0.01

6a93.69
0 . 1 3
2.O5
0.51

5r 41.03

0.803
0.700
0.351
0.o76t '
0.660
0.521
0.419
0.565
0.660
0.996
0.000" '*
0.899
0.041" '
0.613
0.000t"tn(costDp)- lV

Sicnifi.ance' l5% lcv.l, " I096 level,"' 5S level

lnsiruncnre.l €tubks lfl (ptrf ). In(cosrt!) deiolcd by"lV"

?hble Z Student Attendance l{egression Results
IDdepend€nt: In(attend),Obs r 876, R-sqr:0 3630 (between obs and pred )

Coemcient Std Error t statistic P valueVariable
ln(€nroll)
ln(€nroll2)
ln(bus'n)
ln(tedays)
ln(teexp)
ln(pctrisk)
ln(pctpov)

In(pchoed)
ln(pci)
h(tesala)
ln(pert)

ln(efirtc)
ln(schsize)
rn(sc)
ln(cap4

0.00818
-0.00061
0.00058
,0.06s50
,0.00194
-0.00039
-0.00205
0.00439
0.00346
0.00485
0.00390
0.00889
0.00056

,0.00149
o.oot22
0.00546
0.00009
0-00029
0.00079

0.00615
0.00039
0.00041
o.02661
0.00292
0.00028
0.00087
0.00366
0.00129
0.00317
0.00633
o-00274
0.00t76
0.00148
0.00116
0-00356
0.00159
0.00079
0.00084
0.00361

t . 3 l
t .37
t.43

-2.46
-o.67
- 1.43
-2.36
1.20

-2.64
|.44
o.62
3_25
0.32

, 1 . 0 1
0.90
1.53

-0.05
0.17
0.93
0.17

0 . 1 8 4
0 . 1 l 8 *
0.154
0.014""
0.506
0 . 1 5 4
0.018" '
0.230

0 . 1 5 1
0.538
0.001,* '
0.752
0 . 1 1 3
0.370
0.125'
0.956
o.714
0.352
0.865l.Cs!!!p)_ qq!)S!'

signrncan.e'l5%lsvcl," l0% lcvel "' 5.j6 l'vel
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